Background: Pedicle screw instrumentation is used widely in lumbar spine for stabilization to enhance arthrodesis and has been accepted in the thoracic spine in recent years. The purpose of this study was to assess the value of postoperative 320 multi-slice computed tomography (MSCT) in assessment of pedicle screw placement in patients with spinal fixation with clinical and surgical correlation. Results: A total of 340 pedicular screws were inserted to 70 cases. 286 (84.12%) were in, 54 screws (15.88%) were violated, and revision surgeries were required for 5 displaced screws. On axial, coronal reconstruction and threedimensional (3D) reformatted CT images 36, 47, and 54 displaced screws were detected, respectively. Both sensitivity and specificity for 3D reformatted images were 100%. For axial image, they were 97.6% and 89.4%, respectively, compared with surgical findings in 5 revised screws. Conclusion: Multi-slice CT scan is a valuable and valid postoperative assessment tool of accuracy of spinal pedicle screw placement.
Background
Fixation of the spinal pedicles with screws is becoming a broadly used procedure of hardware spinal instrumentation. Though the advancement of surgical technique, instrumentation design, and the use of intraoperative fluoroscopy, puncture of pedicle cortex takes place threatening the nearby neurovascular or extra vertebral structures [1] .
The probability of iatrogenic injury must be reduced as the pedicle is surrounded with vital anatomic structures: the dural sac locates medially, the nerve roots locate superiorly and inferiorly, and the vascular structures locate anterolaterally. Additionally, the precision of placement of the pedicle screw is fundamental for the steadiness and efficacy of the surgical process [2] .
Transpedicular screw procedure is accompanied with a prevalent series of complications comprising surgery at wrong-level, lesion of nerve root, dural tearing, injury to vascular structures, infections at surgical site, and screw displacement. Displacement of trans pedicular screw proportions fluctuating from 21.1% to 39.8% have been designated in the literatures [3, 4] .
Although there are up-to-date procedures, the incident of pedicle screw displacement remains important in lumbar spine fixation [5] . Current challenges in study of pedicle instrumentation have been focused on declining the possibility of pedicle screws displacement [6] .
Postoperative imaging is typically done to settle the true sitting and the integrity of instruments, to evaluate the progress of osseous union, to recognize suspected complications (e.g., hematoma or infection), and to discover disease progression or new disease [7] . The main imaging procedure is the conventional radiography. Though, CT is more helpful if there is doubt of breach or misplacement and when a conclusive diagnosis cannot be recognized [8] .
The spinal assessment in patients with orthopedic metallic hardware is challenging. Even though the metal artifacts may restrict the efficiency of conventional computed tomography (CT), in the current years, the advancement of multichannel CT has made accessible novel procedures that can aid minimize these artifacts, which also permits quicker scanning times, resulting in reduced motion artifacts with thinner sections, where it is possible to create a scanned volume of isotropic voxels with equivalent image resolution in all planes, and the generation of a higher x-ray tube current may result in decrease of artifacts and better penetration of metal hardware. The acquisition of multi-planar reformatted image in the axial, coronal, sagittal and oblique planes and also three-dimensional volume-rendered images help in optimizing image interpretation [9] .
Three-dimensional volume rendering (3D VR) procedures and image reconstruction by multi-planar reformation (MPR) frequently result in higher quality images that are clinically more useful than axial images alone [10] .
Aim of the work
The aim of the work was to assess the value of postoperative 320 multi-slice computed tomography in the assessment of pedicle screw placement in patients with spinal fixation with clinical and surgical correlation.
Methods
During the period from January 2017 to June 2018, a cross-sectional study was carried out on 70 patients who were chosen by systemic random sampling technique and underwent spinal fusion surgery using pedicular screws in thoracic and/or lumbosacral spine to assess the value of postoperative 320 multi-slice computed tomography in the assessment of pedicle screw placement in patients with spinal fixation with clinical and surgical correlation. Ages of our patients ranged from 23 to 67 years; 39 (55.7%) of patients were males and 31(44.3%) were females. We excluded patients suffering from congenital and developmental anomalies of the spine, patients with previous surgeries on the involved spinal segments, and those with neurological or medical illnesses causing polyneuropathy and/or myopathy. The study was approved by the ethics committee of our institution. From all participants, written informed consents were taken.
All participants were assessed clinically and radiologically before and after surgery. All surgeries were done at our university hospital by experienced spine and neurosurgeons with the agreement of standardizing the instrumentation procedure. The used implants were made of titanium.
Surgical procedure
All surgeries were carried out under general anesthesia. The involved spinal level was identified by surface anatomical landmarks and radiologically using image intensifier. For all patients, a standard posterior approach was used. The site of screw entrance was recognized by anatomical landmarks pinpointing the joint of the spine of the transverse process with the matching facet.
The freehand method was used. This method depends principally on definite anatomical locations for screws placement. A metal pliable probe is implanted cautiously within the pedicle, continuing through the vertebral body. The four directions walls and floor of the pedicle are probed with the hook palpator. The screw is inserted through this way, and the trajectory of the screw was tested using anteroposterior and lateral projections with an intraoperative image intensifier. Postoperative complete neurological assessment was performed during the first 48 h, to recognize any neurological signs and symptoms like sever back pain, recent radicular symptoms, and neurological deficit.
Imaging assessment
All patients were scanned using 320 MSCT (Toshiba Aquilion One-JAPAN CT Scanner). Image acquisition was achieved in helical mode, in cranio-caudal direction with the patient supine. Imaging sequences comprised of 0.5 mm-thick sections (collimation 128 × 0.62 mm) at 2mm intervals with a pitch of 0.6 and acquisition parameters of 120-140 kVp and 260-280 MA/s.
Image reconstruction
The raw data were used to reconstruct coronal and sagittal multi-planar reformation (MPR) with a field of view suitable for visualization of the spine. Reconstructions were done in bone and soft tissue windows. To acquire 3D images, a dedicated post processing workstation vitrea was used to get additional image processing as volume rendering (VR). Metal artifacts were cleaned in the reformatted 3D images so the screw was obviously visible and easily assessed. 
Image interpretation
The acquired CT images were assessed for the involved level, the inserted screw and the incidence of complications. The screw positions within the pedicle were assessed according to the classification available in the literatures [11] [12] [13] . Screws were assessed for the following: (Grade III): >4 mm or complete perforation of the pedicle [11] . [3] Presence of vertebral or end-plate penetrations. [4] Error in the direction of screw penetration which is named as medial, lateral, cranial or caudal. Correlation between the clinical data and CT findings was done. All patients were followed clinically and radiologically for a period of six months at least to report the incidence of any complications, neurological pain or deficit, and the need for revision surgery.
Statistical analysis
Data were analyzed by using Statistical Package for the Social Sciences (SPSS) version 19. Quantitive data were described as mean and standard deviation (SD). Nominal variables were presented as numbers and percentages. Chi-square test was used for cross tabulation of categorical data. P value ≤0.05 was considered statistically significant.
Results
We studied 70 consecutive patients; of them, 39 were males and 31 were females who experienced spinal surgical fixation, involving thoracic and lumbosacral spinal segments (from T9 to S1), and with a total of 340 inserted screws. The mean age was 48.43 ± 12.32 years with a range of 23 to 67 years. All patients presented with severe pain and/or neurological manifestations. Degenerative disc herniation was the most common indication for spinal surgical fixation which was presented in 29 cases (41.43%), trauma in 25 cases (35.71%), and spondylolisthesis in 16 cases (22.86%) ( Table 1) .
The most commonly fixed vertebrae were L4 (82 screws), followed by L5 (74 screws), then L3 (40 screws), and S1 (28 screws). We found that out of a total 340 pedicular inserted screws, 54 screws (15.88%) were misplaced. The dorsal pedicles revealed the highest rate of screw violation as compared with the lumbo-sacral ones in relation to the total number of inserted screws in each region. The frequency of dorsal spine violation was 31.43% (22/70) compared to 11.85% (32/270) in lumbosacral region. The spinal levels with the highest incidence of cortical breach were T11 (40%) followed by T9 (30%) ( Table 2) .
Out of the total 340 inserted screws, 36 (10.59%), 47 (13.82%), and 54 (15.88%) screws were established to be misplaced on axial, coronal reconstruction, and 3D reformatted images, respectively. The frequency of lateral screw violation was more detected than the medial one (Table 3 , Figs. 1, 2, and 3) . The coronal and 3D reformatted images had the advantage in assessing the screw violation in cranial and caudal directions as well as disc space penetration. End-plate perforation ( Figs. 3 and 4 ) and anterior vertebral encroachment (Figs. 1, 3 and 4) were found in 5 and 11 lateral displaced screws, respectively, and were more recognizable in the reformatted than the axial images. Out of the 54 misplaced screws, lateral violation ( Figs. 1, 2, and 3 ) was seen in 31 screws (57.41%), medial violation (Fig. 2) was present in 11 screws (20.37%), caudal displacement in 7 screws (12.96%), and cranial displacement in 5 screws (9.26%). The remaining 286 screws (84.12%) were correctly inserted ( Fig. 5 ). Regarding the grades of screw displacement, 27 screws were classified as grade I (Fig. 2) , 22 were grade II ( Figs. 1 and 2) , and 5 were grade III violation (Fig. 3) .
Neurological deficits and radicular pain were detected in seven patients (10%). Five screws (1.47%) in three patients (4.29%) needed revision operations while the other four patients relatively improved with conservative treatment. Out of five screws that needed revision, two (40%) were of grade I with medial violation, one screw (20%) was of grade III with lateral violation (also it was broken; Fig. 2 ), and two (40%) were of Grade III with medial violation. In all revision operations, the misplaced screws were removed and replaced by correctly placed ones. No spinal cord, dural, vascular, or pulmonary injuries have been detected. Sensitivity of CT images in assessing screw malposition compared with operative findings in revised screws showed a sensitivity of 97.6% and 100% and a specificity of 89.4% and 100% for axial image and 3D reformatted image, respectively. 
Discussion
In our study, postoperative CT images were acquired after a month of pedicle screw fixation surgery. The incidence rate of screw violation identified in previous studies ranged from 0% to 42% [12] . This wide variety was due to various reasons such as the indication for surgery, the involved spinal levels, the operative procedure, the intraoperative-assisted guidance, the surgical experience, and the tool of postoperative assessment [13] . In our study, these issues have been standardized as much as possible.
In this study, the frequency of screw violation was 15.88% which was within the reported range of published studies. Laine et al. [14] reported 35.22% of screw violation, and Castro et al. [15] detected cortical penetration in 40% of their patients. Our frequency of screw violation was lower than that reported in these studies.
On the other side, our frequency was higher than that reported in other studies [16] [17] [18] [19] . This difference may be explained by that many authors considered screw displacement of <2 mm was insignificant, and they did not include this group in the their final frequency. In our study, we included all grades of displacement even those with <2 mm in the total rate of screw displacement. Elyan et al. [20] and El Fiki et al. [21] reported screws displacement rates of 17.3% and 16.45%, respectively, which were similar to that found in our study.
Also, lower rates of screw displacement were reported in a meta-analysis conducted by Schizas et al. [22] . They reported a mean displacement rate of 8.7%. Lonstein et al. [23] also reported a displacement rate of 5.1% that has been related to the use of conventional plain radiographs as a postoperative assessment tool, with underestimation of displacement rate compared to CT scan [24] .
Other studies used two dimensional (2D) axial CT images for postoperative assessment of pedicle screws. Adding 3D VR or coronal MPR procedures provided more detailed data in evaluating the placement of pedicle screws [15, 25, 26] . Multi-slice 3D reformatted image displayed the full length of the screw with absence of metallic artifacts and accurate assessment of the relation between the screw and neural structures [24] . In our study, axial images detected 36 (10.59%) out of the displaced screws seen at coronal reconstruction of 48 (14.12%) and 3D reformatted image of 54 (15.88%).
Our results agree with Schizas et al. [22] who compared axial CT images with coronal reconstruction and reported that the incidence of displacement was 23.3% for axial and 30% for coronal images. Also, in the study that was conducted by Celik et al. [27] , the authors compared the axial images with 3D reformatted images, and they found lower incidence for axial (9%) compared to that of 3D reformatted images (13.1%). And, they explained that this difference is due to the fact that reformatted images evaluate cranial and caudal placement accuracy in addition to medial and lateral screw placement. Also, the presence of metallic artifacts in axial images affected the image interpretation.
In our study, the rate of screw displacement was higher in dorsal pedicles (31.4%) as compared with that in the lumbo-sacral ones (11.9%). This could be explained by the small size of pedicles in the dorsal spines and increasing variability in their anatomy [11, 21, 24, 28] . This was in accordance with previous studies [19, 21, 29, 30] that reported a higher rate of screw displacement in dorsal than lumbar spines. We revealed the highest incidence of screw displacement was at T11 (40%) followed by T9 (30%). This could be explained by the relatively small diameter of pedicles of dorsal spine to fit the screw.
In our study, the rate of lateral violation was (57.41%) more than the medial one (20.37%). Our results agree with many authors [5, 21, 29, 31] who reported a higher rate of lateral violation, and this is because the surgeons choose a more lateral track away from the more dense medial cortical wall of the pedicle and also to avoid spinal cord injury. In this study, pedicle penetration was more frequently in lateral and medial walls and less in inferior (12.96%) and superior ones (9.26%). This was because of the pedicle anatomy [32] . These results were in accordance with that shown by previous studies [1, 19, 21, 33] .
In our study, we reported neurologic sequels in seven of patients (10%). This was within the range reported in previous studies (0.2% to 11%) [21, 34] . While our results were less than that reported by Lotfnia et al. [31] (15.09%), the higher incidence in the later study might be due to the involvement of all patients with sensory or motor symptoms in spite of the existence or absence of neurological deficits.
Not all patients with displaced screws need revision surgery [21, 31] . This agreed with our results where only three patients out of seven need revision surgery with a revision rate of 1.47% among the inserted screws. Also, our results are in agreement with Parker et al. [29] who reported a 0.8% revision rate and completely agreed with El Fiki et al. [21] . No definitive dural, vascular, or pulmonary injuries were reported in our patients. These were in accordance with El Fiki et al. [21] , Rodrigues et al. [30] , and Reidy et al. [34] .
Sensitivity of CT images in assessing screw position compared with operative findings in five revised screws revealed a sensitivity of 100% and 97.6% and a specificity of 100% and 89.4% for 3D reformatted image and axial image, respectively. These results were in accordance with El Fiki et al. [21] , who reported sensitivity of 100% and 95.8% and a specificity of 100% and 88.7% for 3D reformatted image and axial image, respectively. Elyan et al. [20] reported sensitivity of 100%, 66.7%, and 33.3% and a specificity of 100%, 76%, and 38.5% for 3D reformatted, coronal, and axial images, respectively, among 24 cases. The lower values of sensitivity and specificity for coronal and axial images in the later study may be explained by the small number of studied cases.
Conclusion
In conclusion, 320 multi-slice CT scans is a valuable and valid tool for postoperative assessment of spinal pedicle screw placement. 
